Conservation genetics is important in the management of endangered species, helping to understand their connectivity and long-term viability, thus identifying populations of importance for conservation. The pond bat (Myotis dasycneme) is a rare species classified as "Near Threatened" with a wide but patchy Palearctic distribution. A total of 277 samples representing populations in Denmark, Germany, Latvia, Hungary, and Russia were used in the genetic analyses; 224 samples representing Denmark, Germany, and Russia were analyzed at 10 microsatellite loci; 241 samples representing all areas were analyzed using mitochondrial D-loop and cytochrome B sequences. A Bayesian clustering approach revealed two poorly resolved clusters, one representing the Danish and German groups and the other the Russian group.
| INTRODUC TI ON
Conservation genetics is an important tool in the management of endangered species, resolving population connectivity and thereby informing us of the long-term viability of a species, thus identifying populations in special need of conservation (Pérez-Espona & ConGRESS Consortium, 2017; Stockwell, Hendry, & Kinnison, 2003) .
The pond bat, Myotis dasycneme (Boie, 1825) , is widely distributed in the temperate lowlands of the Palearctic across northern and central Europe from northern France, Belgium, and the Netherlands toward the east into Asia to the Yenisei region in central Russia (Görföl et al., 2018; Limpens, Lina, & Hutson, 2000; Piraccini, 2016; Strelkov, 1969) . Its foraging behavior, feeding on insects associated with water, renders the species dependent on larger, relatively calm bodies of water (Ahlén, Baagøe, & Bach, 2009; Baagøe, 1987; Ciechanowski, Zapart, Kokurewicz, Rusiński, & Lazarus, 2017; Dietz, Helversen, & Nill, 2009; Haarsma & Siepel, 2014; Krüger et al., 2014; Limpens et al., 2000) . Consequently, the pond bat has a patchy distribution throughout its range with relatively high densities in regions with suitable habitats, that is, in the Netherlands, northwestern Germany, and in Denmark.
The global status of pond bat is assessed as "Near Threatened" (IUCN, 2018) as its population decline is suspected to approach 30% over the last 15 years (three generations) (Piraccini, 2016) .
Degradation and loss of aquatic habitats, commuting routes and roosting sites, human disturbance of hibernacula, and water pollution are listed as the main threats for the species (Limpens et al., 2000; Piraccini, 2016) .
In Denmark, the pond bat is relatively common in the central and northern parts of Jutland and has a patchy but stable occurrence in the southeastern parts of the country (Baagøe, 2007) . Further, there is an increasing number of new records also from other parts of Denmark (H. J. Baagøe, Pers. Comm.) . Almost the entire Jutland population (around 8,000 individuals) seems to hibernate in a few old limestone mines, Mønsted and Daugbjerg, from where they disperse to maternity roosts during summer (Baagøe & Degn, 2009 ).
The conservation status of the species is assessed as favorable but the population is vulnerable as it is mainly restricted to a very low number of hibernacula during winter (Baagøe, 2010; www. eionet.eu). In Germany, the pond bat has a fragmented distribution, occurring mainly in the northern and western states (www.
bfn.de). Schleswig-Holstein harbors the biggest known population
and a large hibernaculum with more than 1,000 individuals (Jagd & Artenschutz, 2010) . The species' conservation status is assessed as moderately unfavorable due to low habitat quality and its restricted population size in some German states (www.eionet.eu; www.eurobats.org). (For species assessment in Latvia, Hungary, and Russia, see Supporting Information Appendix S1).
Studies have investigated the phylogenetic position of the pond bat (Kruskop, Borisenko, Ivanova, Lim, & Eger, 2012; Mayer & von Helversen, 2001; Ruedi & Mayer, 2001 ), but nongenetic study has addressed the relationship among populations in different parts of its range. Information on population structure/connectivity, as well as genetic diversity, is crucial to understand population processes and fundamental for adaptive processes and species resilience, which is especially important in light of the climate change, impairing pond bat habitat (Meinig, 2010) .
Pond bats may migrate more than 300 km between summer and winter habitats (Hutterer, Ivanova, Meyer-Cords, & Rodrigues, 2005) , but bats generally show a high site fidelity to roost sites (Altringham, attributed to the effect of migration or low resolution due to the number of microsatellite markers used. After concatenating the two mitochondrial sequences, analysis detected significant genetic differentiation between all populations, probably due to genetic drift combined with a founder event. The phylogenetic tree suggested a closer relationship between the Russian and Northern European populations compared to the Hungarian population, implying that the latter belongs to an older ancestral population. This was supported by the observed haplotype network and higher nucleotide diversity in this population. The genetic structuring observed in the Danish/German pond bat stresses the need for a cross-border management between the two countries. Further, the pronounced mtDNA structuring, together with the indicated migration between nearby populations suggest philopatric female behavior but male migration, emphasizes the importance of protecting suitable habitat mosaics to maintain a continuum of patches with dense pond bat populations across the species' distribution range.
K E Y W O R D S
conservation genetics, cross-border management, migration, Myotis dasycneme, phylogeny, population structure 2011). Ringing efforts to track migration were conducted in Jutland limestone mines, Denmark, in the 1950s and 1960s (Egsbaek & Jensen, 1963) The objective of the present study was to investigate the genetic population structure of pond bat mainly in Denmark and Germany (including fewer samples from Latvia, Hungary, and Russia) based on variation in ten microsatellite markers, the control region (CR), and cytochrome B (CytB) of the mitochondrial DNA (mtDNA). The microsatellite markers were used to (a) assess the genetic diversity, (b) estimate population structure, and (c) evaluate immigration/emigration rate and direction (gene flow) within the populations in Denmark and Germany and between them and samples from Russia using assignment test and exploring migration network based on various population structure estimates. Further, as pond bat populations have declined during the last decades (Piraccini, 2016) , we tested if this was reflected in the species' genetic makeup. mtDNA markers were used to quantify genetic diversity and population structure among all the sampled populations, but also to try to uncover demographic history, for example, in terms of former population expansions despite small, unequal sample sizes.
| MATERIAL S AND ME THODS

| Sampling
In Germany, samples were collected from bats caught using mist nets placed in foraging areas or close to nursery roosts and at major hibernacula in northern Germany (Table 1) . In Denmark, samples were collected from bats caught with harp traps during emergence from the large hibernacula in the limestone mines in Mønsted and Daugbjerg.
In Hungary, samples were collected near a lake and at three swarming sites situated in the Bükk Mountains in the northern part of the country. In Russia, samples were collected at two major hibernacula in the Smolinskaya and Arakaevskaya caves in the Middle Urals, while the samples from Latvia were fecal samples collected from the ground (Table 1 ; Figure 1 ). The samples from Latvia and Hungary were not genotyped at the microsatellite markers due to poor DNA quality (Latvian samples) and low sample size (Hungarian samples). Given the substantial temporal difference between sampling years for the Danish localities suggesting additional impact of genetic drift on the analysis, these samples were kept separate during the initial analysis.
From some of the pond bats (see Table 1 ), samples were taken by puncturing the wing membrane of the chiropatagium with a stanza (3 mm diameter; Worthington & Barratt, 1996) . These samples were stored in absolute ethanol (99%) at 4°C or a saturated salt/DMSO solution. Saliva samples were taken with Isohelix DNA buccal swabs (Cell Projects, Kent, UK; see Table 1 ). The swabs were stored in the provided tubes (Isohelix, Cell Projects, Kent, UK) and frozen immediately at −20°C.
| Laboratory procedures
DNA from wing samples was extracted using Qiagen DNeasy ® Tissue Kit following the manufacturer's protocol (QIAGEN). DNA TA B L E 1 Sampling area and year, colony sites and type, and number of samples and types analyzed for microsatellites, control region (CR), and cytochrome B (CytB) in mtDNA, DNA source for the pond bat 
| Data analysis
| Genetic variation
Genetic variation, estimated as observed and expected heterozygosity, and tests for goodness of fit to the Hardy-Weinberg equilibrium were performed in FSTAT (Goudet, 1995) and GenAlEx 6.5 (Peakall & Smouse, 2006 Genotypic linkage disequilibrium was tested between all pairs of the 10 loci using GENEPOP version 3.4 with 5,000 iterations (Raymond & Rousset, 1995) . Genetic variation in the CytB and D-loop (CR) sequences and the concatenated CytB-CR sequences was estimated as haplotype diversity (HD) and nucleotide diversity (π) using DnaSP v5 (Librado & Rozas, 2009 ).
| Population structure
The number of groups represented in the three locations was estimated in STRUCTURE version 2.3.4 (Pritchard, Stephens, & Donnelly, 2000) using data from only seven microsatellite markers due to state (low genetic variation and linkages disequilibrium; see "Results"). This software uses a Bayesian approach by clustering individuals, minimizing Hardy-Weinberg disequilibrium and gametic phase disequilibrium between loci. The analysis was conducted using the admixture model and the model of correlated allele frequencies between clusters. Following the recommendation by Wang (2017) , alpha was adjusted to 0.33 according to the number of clusters, K, expected (K = 3 in this instance) to account for the unbalanced sample size. The results of the tests were based on 1,000,000 iterations, a 100,000 burn-in period. All samples were combined, and STRUCTURE was run with K = 1 to K = 7 and 10
Map showing the global distribution (gray shaded area) of the pond bat together with sampling localities and the haplotype diversity for the concatenated CytB-CR region in mtDNA replicates without prior information regarding the sample's origin.
The clusters of individuals forming the number of populations with the highest likelihood were assigned to sampling locations. As it might be difficult to infer the number of clusters represented due to an effect of isolation by distance (IBD) and extensive admixture (Falush, Stephens, & Pritchard, 2003; Pritchard et al., 2000) , KFinder (Wang, 2019) was applied to infer the number of clusters.
KFinder includes three different criterions for assessing the most likely number of populations represented by the sample of individuals. The first two are the classical methods, Pr[X|K] method (Pritchard et al., 2000) and the ΔK method (Evanno, Regnaut, & Goudet, 2005) , and the third is the Parsimony Index, which chooses the K that repetitively returns the minimal mean admixture of individuals (Wang, 2019) . Wang (2019) shows that this method often performed better in returning the correct population structure compared to the two former methods. Further, CLUMPAK software was applied to visualize the STRUCTURE results over the number of runs (Kopelman, Mayzel, Jakobsson, Rosenberg, & Mayrose, 2015) .
Pairwise multilocus F ST (Weir & Cockerham, 1984) and D EST (Jost, 2008) were calculated using the R package diveRsity (Keenan, McGinnity, Cross, Crozier, & Prodöhl, 2013) Population structure based on variation in the mtDNA sequences was examined using the pairwise distance between haplotypes as genetic distance and Φ ST statistics. As both CytB and CR are situated in the mitochondria, the two sequences were concatenated for the single individuals to represent a 768-bp sequence. Mitochondria represents one marker, and it has been shown (Jacobsen et al., 2012) that the longer sequences give higher resolutions. The tests were run for 10,000 permutations over individual haplotypes among potential populations/subpopulations in ARLEQUIN 3.5.1 (Excoffier & Lischer, 2010) . The sequential Bonferroni procedure was applied using a significance level of 5% whenever multiple tests were performed (Rice, 1989 ).
To test if a possible population structure pattern could be explained by pure IBD, genetic distance in terms of Φ ST for the concatenated mitochondrial sequences and geographical distance between the areas were computed in IBD (Bohonak, 2002) . Genetic distance based on microsatellite markers was not included due to the low number of populations analyzed with them. Geographical distances were measured in kilometers drawing straight lines between the sampling localities using Google™ Earth.
| Migration and detection of firstgeneration migrants
An assignment test was conducted to allocate individuals to the population from which they most likely originate. This was performed in GENECLASS2 (Piry et al., 2004 ) that uses the individual's multilocus genotype likelihoods to identify population origin (Paetkau, Slade, Burden, & Estoup, 2004) . Further, to detect first-generation migrants (FGM) in the bat populations, the likelihood computation, L = L_home/L_max_not_home, was used Piry et al., 2004) . For both tests, levels of significance were determined comparing the assigned individuals'
genotypes with a simulated set (10,000) obtained using the allele frequencies from the different areas . The exclusion probability (at the 5% level) of a population as the origin and the probability that an individual is a migrant were calculated based on the resampling algorithm of Paetkau et al. (2004) . The assignment test was applied including only German and Danish samples to avoid bias due to differences in sampling size .
To analyze migration direction, DivMigrate implemented in the diveRsity R package (Keenan et al., 2013; Sundqvist, Keenan, Zackrisson, Prodöhl, & Kleinhans, 2016) (Nei, 1973; Nei & Chesser, 1983; Sundqvist et al., 2016) . Significant asymmetrical migration was tested based on 1,000 bootstraps in DivMigrate (Keenan et al., 2013; Sundqvist et al., 2016) .
| Population demography
| Bottleneck
Microsatellite During a bottleneck, population size declines abruptly, which is expected to affect the number of alleles faster than loss of heterozygosity. This will cause heterozygote excess in the population (Cornuet & Luikart, 1996) . The microsatellite dataset from the Danish, German, and Russian pond bat groups was used in the bottleneck test performed in BOTTLENECK 1.2 (Piry, Luikart, & Cornuet, 1999) . The nonparametric Wilcoxon's test was used to evaluate if the number of loci with heterozygote excess is larger than expected to occur by chance. The tests were performed assuming the two-phase mutation model (TPM) (Di Rienzo et al., 1994), with single-step mutations ranging from 70, 90, 95, and 99% and a 12% variance of multistep mutations as recommended (Piry et al., 1999) .
| Demographic inferences mtDNA
Historical population fluctuations were explored using the concatenated CytB-CR sequences for all samples. This was performed using tests of population growth and mismatch analysis (Schneider & Excoffier, 1999 ) using Tajima's D test of selective neutrality (Tajima, 1989 ), Fu's F s (Fu, 1997) , and distribution of pairwise differences of nucleotide sequences (mismatch distribution) (Rogers & Harpending, 1992) . The detection of excess numbers of singleton mutations relative to expectations under the standard neutral model is indicative of recent population growth. This will be uncovered as significantly negative values of both estimates. The Raggedness Index (Harpending, Sherry, & Rogers, 1993) reflects the mismatch distribution of pairwise nucleotide differences between haplotypes. If the distribution pattern is multimodal or "ragged," the population is expected to be stable or declining slowly (Rogers & Harpending, 1992; Slatkin & Hudson, 1991) . The mismatch distributions were tested by estimating the goodness of fit between observed and expected distributions using the parametric bootstrap (1,000) approach in ARLEQUIN 3.5.1 (Excoffier & Lischer, 2010) . The sum of square deviations (SSDs) was the test statistic used between observed and expected distributions, where p-values were calculated as the proportion of simulations producing a larger SSD than the observed SSD.
| Phylogeny
The relationships among the observed mtDNA haplotypes for CytB and CR as well as the concatenated sequence were estimated based on a median-joining network, which allows intermediate haplotypes in the network (Bandelt, Forster, & Rohl, 1999) .
The network was generated using DnaSP (Librado & Rozas, 2009) and POPART (Leigh & Bryant, 2015) . Further, a phylogenetic consensus tree was inferred using the Bayesian method implemented in MrBayes v3.2.6 (Ronquist et al., 2012 ) and the HKY model that was found to best fit the concatenated dataset (jModelTest;
Posada, 2008) (data not shown). The concatenated sequence of CytB and CR (GenBank accession number KT901455 whole mitogenome) from the greater mouse-eared bat, Myotis myotis, was included as an outgroup.
MrBayes was run twice using the default settings involving two independent MCMC runs in each and four chains. The default sample frequency of 500 and diagnostic frequency of 5,000 and run length of 1,000,000 were used, discarding 25% of the samples of burn-ins and run until the standard deviation of split frequencies was below 0.01, which is indicative of convergence according to the authors (Ronquist et al., 2012 
| RE SULTS
| Genetic diversity
Species identification of fecal samples was based on alignment of CR and CytB sequences to the known sequences obtained from the tissue samples from live specimens in the study, and all were confirmed to be pond bats (data not shown).
The datasets used to estimate genetic diversity, population structure, and migration based on the 10 microsatellite markers (Supporting Information Appendix S2) and the two mtDNA markers, CR (247 bp) and CytB (521 bp) sequences, and the concatenated sequences (768 bp) for the different localities are given in Table 1 . Table 2) .
| Population structure
| Microsatellites
Locus G9 was omitted due to the observed significant genotypic linkage to H29, and G25 and H19 were omitted due to occurrence of observed rare alleles and low variability. (Table 4a) . A temporal effect was observed in the Danish sample, which was most pronounced for the F ST method (Table 4b) but not observed in the STRUCTURE analysis. Using DAPC (Figure 3 ), three groups were identified. The first and second DF (discriminant factor) discriminated between Russian and DanishGerman areas, while only the first DF discriminated between the Danish and German pond bats (and to a lesser degree and with some overlap).
| mtDNA
The population structure analysis in terms of pairwise Φ ST estimates based on the concatenated CytB-CR sequences did not detect a temporal effect in the Danish samples (Table 4c ). Pooling the Danish samples accordingly suggested all analyzed populations were TA B L E 2 Sample size (N), genetic diversity (H O , H E ; GenAlEx; Peakall & Smouse, 2006 , standard error (SE), and F IS (deviation from Hardy-Weinberg expectations) based on 10 microsatellites (FSTAT; Goudet, 1995) Note. H = genetic diversity as the number of mtDNA haplotypes; HD = haplotype diversity; N = sample size; π = nucleotide diversity (Nei, 1987) ; S = number of segregating sites; Singleton = mutation observed in only one sequence; P shared = mutation observed in at least two sequences (DnaSP; Librado & Rozas, 2009) . Tests for selective neutrality, Tajima's D (Tajima, 1989 ) and Fu's F s (Fu, 1997) 
| Migration and detection of firstgeneration migrants
| Microsatellites
The result of the assignment test (Table 5 , merging the Danish samples) , showed that ~35% of the pond bat sampled in Germany had the highest probability of belonging to the German population, while ~18% had the highest probability of belonging to the Danish population. For ~39% of the pond bats sampled in Germany, the probability of belonging was inconclusive meaning that the probability was >0.05 and <0.6. Of the pond bats sampled in Germany, ~5% were identified as statistically not belonging to the German population, ~5% could be rejected as coming from the Danish population, and ~6% did not belong to either the German or the Danish population. For Denmark, ~59% of the sampled pond bats had the highest probability of belonging to the Danish population, ~6% to the German population, and ~29% were inconclusive.
Among the Danish pond bats, ~17% could be rejected at the 5% level as belonging to the German population, none were rejected as belonging to the Danish population, and ~6% was rejected as belonging from either the Danish or the German population.
Seven out of the 81 sampled pond bats in the German population were identified to be putative FGM from Denmark, which was more than expected by chance (type 1 error, 5% of 81). Among the Danish samples, four out of 120 sampled pond bats were possible FGM from Germany, but this might be due to chance alone (type 1 error, 5% of 120). 
Assessment of the migration direction including the
| Population demography
| Microsatellite
No bottleneck effects were observed in the Danish and German pond bat populations ( Note. Three different approaches were applied to interpret the best number of clusters (best K) obtained from STRUCTURE: the mean likelihood Pr[X|K] that maximize K (Pritchard et al., 2000) , ΔK (the largest rate of change of the log probability given the data) (Evanno et al., 2005 ; STRUCTURE HARVESTER (Earl & VonHoldt, 2012) ), and the Parsimony Index (KFinder, Wang, 2019), identifying the K, which repeatedly returns the minimal mean admixture of the sample. K = number of assumed clusters. The analysis was run for K = 1 to K = 7 and 10 replications. All estimated in KFinder (Wang, 2019) .
TA B L E 3 Estimation of the most likely number of populations present in the sample of pond bats based on the Bayesian method implemented in STRUCTURE F I G U R E 2 Graphical output from STRUCTURE (Pritchard et al., 2000) after evaluation of the number of clusters present in the samples using KFinder (Wang, 2019) and processed in CLUMPAK (Kopelman et al., 2015) illustrating the population structure (STRUCTURE; Pritchard et al., 2000) based on seven microsatellite markers for the three pond bat localities, Denmark, Germany, and Russia without using prior knowledge of locality. Each vertical line represents an individual, and the color composition displays the probability of belonging to a clusters sample). In the Russian sample, a significant heterozygote excess was observed in some of the tests which might imply a bottleneck effect.
| mtDNA
The demographic population history of the investigated areas provided signs of population expansion (Table 2) . A significant negative F s estimate (Fu, 1997) Excoffier & Lischer, 2010) . Bold values for F ST and D EST estimates are significant after 1,000 bootstraps (bias-corrected (Keenan et al., 2013) ; bold italic values are marginally significant (lower 95% BC_bound approaching 0) after 1,000 bootstraps. Bold values for Φ ST are significant after sequential Bonferroni correction (Rice, 1989) .
| Phylogeny
The total number of observed concatenated haplotypes was 23 
TA B L E 5
Results of assignment test and detection of first-generation migrants based on seven microsatellite markers (GENECLASS2; Piry et al., 2004) F I G U R E 4 Directional relative migration network illustrating the gene flow connecting the groups of pond bats from Germany (1), Denmark (2), and Russia (3) based on D EST estimates. Line thickness and shade between the populations grow with the relative strengths of the gene flow (DivMigrate; Keenan et al., 2013 , Sundqvist et al., 2016 German, and Latvian bats. The phylogeny showed four major clades:
The first (5) 
| D ISCUSS I ON
This study provides new insights into the conservation genetics of the pond bat with emphasis on the genetic relationship between populations in northernmost Germany and in Jutland, Denmark.
Despite the lack of samples from some important pond bat populations in certain regions within the distribution range (i.e., the Netherlands, Belgium, and northernmost France), the present study offers a first indication of the genetic constitution of the species.
A very close recent genetic relationship was revealed between the 
| Genetic diversity
The level of genetic diversity observed at microsatellite loci in the and dispersal distances compared to the pond bat (Corbet, 1978; Horáček, 1985) . Ruedi and Castella (2003) studied 24 greater mouse-eared bat colonies in southern Europe (3,000 km transect) using variation in CR sequences in the mitochondria. They observed 43 haplotypes in total (HD = 0.49, π ~ 0.03% − 2.08%, and 2-6 haplotypes in the different colonies), which was higher than the 23 different concatenated haplotypes (CytB-CR) for pond bat in the present study. These diversity estimates were based on the control region exclusively; nevertheless, compared to the level F I G U R E 5 Median-joining haplotype network of the concatenated CytB-CR mtDNA sequences between pond bats from Denmark, Germany, Latvia, Hungary, and Russia indicating the phylogenetic relationships estimated using DnaSP (Librado & Rozas, 2009 ) and POPART (Leigh & Bryant, 2015) . The size of the circles indicates the relative frequency of the haplotypes. The number of crossbars on the line connecting haplotypes indicates the number of mutation separating the haplotypes for concatenated CytB-CR sequences in the European pond bat groups, π observed in the latter was lower for all the analyzed groups while HD was in between (separated estimates for CR and CytB; Supporting Information Appendix S4). The rather high nucleotide diversity found in the Hungarian and Russian samples despite the low sampling size is probably due to sampling strategy, as pond bats were sampled over a wide range, representing several roosts within the countries. In contrast, the Latvian fecal samples were collected in the same roost and it is uncertain how many different individuals were sampled.
The low nucleotide diversity observed in the Danish group might reflect a recent colonization event compared to the other groups, as low genetic variation is expected in newly founded populations due to drift and reoccurring bottleneck/founding effects with limited gene flow during expansion of the species (Ramachandran et al., 2005) . The limestone mines created by humans have provided suitable hibernation sites that would not have been available naturally in Denmark. The decreased genetic diversity with increasing distance from supposed Pleistocene refugia is not observed in the noctule bat, which probably can be attributed to the longer and regular migration distances of this species (Hutterer et al., 2005; Petit, Excoffier, & Mayer, 1999) .
Pond bat bone remains have been recovered in Late Pleistocene caves in northern Italy outside the current range (Salari & Kotsakis, 2011) , in Poland (summarized by Ciechanowski, Sachanowicz, & Kokurewicz, 2007) , and near the easternmost recent range in the northwestern Altai in Central Asia (Rossina, 2006) (Figure 1 ). This suggests that the pond bat distribution probably was structured into several distinct populations during the last glacial period, as described for many other animal species (Taberlet, Fumagalli, WustSaucy, & Cosson, 1998) . Our genetic analyses corroborate these assumptions and the high nucleotide diversity indicates that the Hungarian population, despite the low sampling size, might be the most ancestral among the analyzed populations. To elaborate further on structuring and potential refugia for pond bats during the glacial periods, a more systematic widespread sampling covering the whole species' distribution is needed, including samples from the large westernmost pond bat population in the Netherlands and Belgium.
| Population structure
The observed temporal effect in the Danish samples can most probably be ascribed to genetic drift caused by small sample sizes combined with the multigeneration time span separating the sampling episodes (estimated generation time = 5 years (Piraccini, 2016) ).
Despite this, the samples were aggregated analyzing the population structure to avoid noise related to the resulting unequal and small sample sizes from the temporal division. The Bayesian-based population structure analysis in STRUCTURE detected two clusters, one including individuals from Denmark and Germany and another including Russian samples. However, it was difficult to identify those clusters from the graphical output. It is known that STRUCTURE has problems inferring the number of clusters when F ST < 0.02 (Chen, Durand, Forbes, & Franòois, 2007; Latch, Dharmarajan, Glaubitz, & Rhodes, 2006) which is close to the levels of genetic differentiation observed between the areas. Pairwise F ST as well as D EST analysis did detect significant, however small, genetic differences between F I G U R E 6 Phylogenetic consensus tree estimated in MrBayes 3.2.6 (Ronquist et al., 2012) indicating the genetic relationship between the haplotypes using the CytB and CR concatenated sequences from Myotis myotis as outgroup. Red = Russian haplotypes; black = haplotypes found in Denmark and Germany; blue = German haplotypes; light blue = Danish haplotypes; aqua azure = Latvian haplotypes; green = Hungarian haplotypes Denmark and Germany and Denmark and Russia, but not between Germany and Russia. However, the structuring pattern observed by the DAPC analysis segregated all three populations, suggesting a higher resolution using this method. The contradicting microsatellite results, found applying different methods, may indicate that the number of markers and sample sizes should be higher to resolve the structure properly.
The low, significant genetic differentiation reflected by the microsatellite markers between Danish and German pond bats compared to the Danish and Russian pond bat is probably caused by a higher male-mediated gene flow due to geographical proximity.
Including Latvia and Hungary in the pairwise Φ ST population structure analysis obtained from the concatenated mtDNA sequences revealed a pronounced structure supporting previous assumptions of female philopatric behavior in pond bat (Limpens et al., 2000) . The 1987) . Last, the mtDNA data reflect the evolutionary history of the pond bat, that is, showing a stronger phylogeographical signal due to their relatively slower overall mutation rates (Hickerson et al., 2010) .
The population structure pattern observed in the pond bat is concordant with population structure studies on Bechstein's bat (Myotis bechsteinii) and the noctule bat: the former showing strictly female philopatric behavior (Kerth, Mayer, & Petit, 2002) with male dispersal, the latter displaying less strictly female philopatry but seasonal long-distance migration . In Bechstein's bat, F STmic was not significant among the ten colonies analyzed while the Φ STmt was highly significant (Kerth et al., 2002) . In noctule bat, Petit et al. 1999) observed a weak but significant F STmic , while Φ STmt was higher and more pronounced between colonies compared to groups of colonies in Eastern and Central Europe .
The observed genetic population structure could be a reflection of "isolation by distance" (IBD), but no significant correlation was discovered, illustrating closer genetic relationship and shorter geographical distance between the populations. This may suggest that the genetic pattern indicates the existence of geographical barriers and/or historical colonization events.
| Migration and detection of firstgeneration migrants
The 
| Population demography
Pond bat populations are assumed to be declining generally due to degradation and loss of feeding habitats and roosting sites (Piraccini, 2016) . This might cause a significant reduction in population size and thus also in genetic diversity. However, this was not detected in the present study, which might be explained by the fact that the test used can only detect severe and recent bottlenecks (ca. 0.2-4.0 N E generations; Luikart, 1998 Historically, the last glacial period ending ~11,600 years ago and the following recolonization influenced species distribution and genetic differentiation across Europe leaving genetic footprints in present species (Hewitt, 1999 (Hewitt, ,2001 Ruedi et al. (2008) showed that Italy was a major retreat area during glacial periods using variation in the control region of mtDNA. In the present study, different historical population demography signals were observed for the analyzed pond bat populations. The Russian sample showed a clear population expansion signal with a significant negative F S and nonsignificant Raggedness
Index. This supports the former suggested explanation that the bottleneck signal was false. In the Danish and German samples, SSDs were significant suggesting that the populations were either stable or declining (Rogers & Harpending, 1992) . This population expansion pattern might reflect the historical colonization wave. In the most recent founded population, this signal will be replaced by a signal of stability or decline due to an increasing founder effect as observed in the Danish and German populations. This was supported by the observed pattern of genetic diversity-the older populations have higher genetic diversity (Handley, Manica, Goudet, & Balloux, 2007) .
Further, the phylogenetic inferences reflected by the median-joining haplotype network showed a "starlike" haplotype network for the Danish and German samples, which is indicative for populations that have expanded from a bottleneck and small number of founders recently (Slatkin & Hudson, 1991 
| European level
From the mitochondrial analysis, our study documents clear genetic structuring of all the sampled pond bat populations, with unique haplotypes in most populations despite low sample sizes in some. Anthropogenic activities often cause species to decline, with habitat degradation and loss being the most important drivers at a large geographical scale (Frankham, Briscoe, & Ballou, 2010) . For pond bats, the loss of roost sites and degradation of aquatic hunting habitats due to destruction and pollution are severe threats (Limpens et al., 2000) . Changing climate puts further pressure on these populations as drier summers with less rainfall can alter the preferred hunting habitats and the occurrence of swarming insect populations (Meinig, 2010) . Pond bats are rare and patchily distributed (Dietz et al., 2009; Krüger et al., 2014; Limpens et al., 2000) , and the observations suggest a genetic structuring based on philopatric behavior with possible migration between nearby populations occurs. These results support the need to preserve and protect suitable habitat mosaics including underground sites to maintain a continuum of patches with dense pond bat populations to conserve genetic diversity in this species.
This would further increase the probability of migration between populations across the whole of the species' distribution range.
It is important to protect both hibernacula and the maternity roosts and the ecological functionality of the surrounding landscape. Matings during the swarming period in late summer at the large hibernacular sites may play a decisive role in ensuring gene flow between regional colonies in pond bats. Especially given the detected genetic relationship imply that females are philopatric to their maternity roosts (Bogdanowicz, Piksa, & Tereba, 2012; Furmankiewicz & Altringham, 2007; Kerth, Kiefer, Trappmann, & Weishaar, 2003; Kerth et al., 2002; Rivers, Butlin, & Altringham, 2005; Veith, Beer, Kiefer, Johannesen, & Seitz, 2004) .
Further analyses of samples collected throughout the whole distribution range of pond bats (i.e., including samples from, e.g., Poland, Ukraine, Belgium, northern France, and the Netherlands) are needed to provide more information about the genetic structuring and colonization processes following the latest glacier period. Higher resolution genetic analysis, for example, involving RAD sequencing (Baird et al., 2008; Hohenlohe et al., 2010; Peterson, Weber, Kay, Fisher, & Hoekstra, 2012) would allow a better understanding of the migratory behavior and fine-scale population structure of this species across regional and neighboring populations.
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